
United States Patent (19) 
Reddy et al. 

III IIII 
USOO5767251A 

11 Patent Number: 
45) Date of Patent: 

5,767,251 
Jun. 16, 1998 

54 RECOMBINANT HETERODIMERICHUMAN 
FERTILITY HORMONES, AND METHODS, 
CELLS, AND VECTORS AND DNA FOR THE 
PRODUCTION THEREOF 

75) Inventors: Vermuri B. Reddy, Westboro; Nancy 
Hsiung. Wellesley, both of Mass.; 
Anton K. Beck. Grisbeladierbeg. 
Switzerland; Edward George 
Bernstine. Boston, Mass. 

73) Assignee: Genzyme Corporation. Cambridge, 
Mass. 

21 Appl. No.: 8,233 
22 Filed: Jan. 22, 1993 

Related U.S. Application Data 

60 Division of Ser. No. 515,481, Apr. 27, 1990, abandoned, 
which is a continuation-in-part of Ser. No. 323,772, Mar, 15. 
1989, abandoned, and Ser. No. 696.647, Jan. 30, 1985, Pat. 
No. 4,923.805, which is a continuation of Ser. No. 548,228, 
Nov. 2, 1993, Pat. No. 4.840,896, said Ser. No. 323,772, is 
a continuation of Ser. No. 548,228. 

(51) Int. Cl. ............................. C07K 14/59 
52 U.S. C. ....................... 530/397: 435/69.4; 424/198.1 
58) Field of Search ........................... 435/694; 530/397, 

530/398, 350, 351, 412-417; 536/23.1. 
23.51; 424/198.1 

56) References Cited 

U.S. PATENT DOCUMENTS 

4.383,034 5/1983 Sugimoto. 
4,419,446 12/1983 Howley et al. . 
4,468.464 8/1984 Cohen et al. . 
4,656,134 4/1987 Ringold ..................................... 435/91 
4,840,896 6/1989 Reddy et al. . 
4,923,805 5/1990 Reddy et al. .......................... 435/69.4 

FOREIGN PATENT DOCUMENTS 

2139631 10/1984 United Kingdom. 
OTHER PUBLICATIONS 

Rathman et al., The Journal of Biological Chemistry 
250(17):6735-6746 (1975). 
Saxena et al., The Journal of Biological Chemistry 
251(4):993-1005 (1976). 
Pierce et al. Ann. Rev. Bioch. 50:465-496 (1981). 
Fiddes et al., Nature 286:684-687 (1980). 
Chappel. S. et al.. Endocrine Reviews 4(2):179–211 (1983). 
Fiddes et al., J. Mol. Appl. Gene 1:3-18 (1981). 
Elder, J.T. et al., Ann. Rev. Genet. 15:328-330 (1981). 

Rice, D. et al., Proc. Natl. Acad. Sci. 79:7862-7865 (1982). 
Moriarty. A. et al. Proc. Natl. Acad. Sci. 78:2606-2610 
(1981). 
Lusthader, J. et al. 68th Annual Meeting of the Endocrine 
Society, Abstract #513. 
Stewart, F. "Application of Recombinant DNA Techniques 
to Structure-Function Studies of Equine Protein Hor 
mones". Chemical Abstracts 108(3):147, col. 1-2, Abstract 
No. 17058w (1987). 
Nilson. J. "Expression of the Genes Enchoding Bovine LH 
in a Line of Chinese Hamster Ovary Cells". Chemical 
Abstracts 107(17):187, col. 2, Abstract No. 148529C (1987). 
Schwartzbouer, J., "Efficient and Stable Expression of 
Recombinant Fibronectin Polypeptides". Chemical 
Abstracts 106:173, col. 1. Abstract No. 132796f (1987). 
Reddy, V., "Heterodimeric Human Fertility Hormones", 
Chemical Abstracts 103(7): 146, col. 1, Abstract No. 49165d 
(1985). 
Reddy. V. "Heterodimeric Human Fertility Hormones". 
Chemical Abstracts 103(9): 182, col. 1-2. Abstract No. 
66081d (1985), 
Kaetzel, D. et al., "Methotrexate-Induced Amplification of 
the Bovine Lutropin Genes in Chinese Hamster Ovary Cells. 
Relative Concentration of the Alpha and Beta Subunits 
Determines the Extent of Heterodimer Assembly". J. Biol. 
Chem. 263:6344-6351(1988). 
Kaetzel. D. et al., “Expression of Biologically Active Bovine 
Luteinizing Hormone in Chinese Hamster Ovary Cells". 
Proc, Natl, Acad, Sci. USA 82:7820–7823 (1985) 
Kato, Y. "Cloning and DNA Sequence Analysis of the 
cDNA for the Precurson of Porcine Follicle Stimulating 
Hormone Beta Subunit". Chemical Abstracts 109(7):182, 
col. 2. Abstract No. 494.32a (1988). 
Fujiki et al. (1980) Biochimica et Biophysica Acta, 624, pp. 
428-435. 
Rathnam et al (1971).JBC, vol. 246. No. 23, pp. 7087-7094. 
Morgan et al. (1971) Endocrinology, vol. 88. No. 4. pp. 
1045-1053. 

Primary Examiner-Stephen Walsh 
Assistant Examiner-Lorraine M. Spector 
Attorney, Agent, or Firm-Browdy and Neimark 
57 ABSTRACT 

Biologically active heterodimeric human fertility hormones 
composed of two different subunits. each subunit being 
synthesized in the same cell transformed by at least one cell 
expression vector having heterologous DNA encoding each 
subunit with each subunit being controlled by a separate 
promoter. Preferred human fertility hormones include hCG, 
hLH and hSH. 

4 Claims, 13 Drawing Sheets 
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RECOMBINANT HETERODIMERC HUMAN 
FERTILITY HORMONES, AND METHODS, 
CELLS, AND VECTORS AND DNA FOR THE 

PRODUCTION THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is a division of U.S. application 
Ser. No. 07/515.481, filed Apr. 27. 1990, now abandoned, 
which is continuation-in-part of both Ser. No. 07/323,772, 
filed Mar. 15, 1989, now abandoned, and Ser. No. 06/696, 
647, filed Jan. 30, 1985, now U.S. Pat. No. 4,923.805 the 
entire contents of both of which are hereby incorporated 
herein by reference; Ser. No. 07/323,772 is a continuation of 
Ser. No. 06/548.228 filed Nov. 2, 1983, now U.S. Pat. No. 
4.840,896; Ser. No. 06/696.647 is a continuation-in-part of 
said Ser. No. 06/548,228. 

BACKGROUND OF THE INVENTION 

The present invention relates to the use of recombinant 
DNA techniques to produce heterodimeric human fertility 
hormones, 

Various polypeptide chains have been expressed, via 
recombinant DNA technology, in host cells such as bacteria, 
yeast, and cultured mammalian cells. Fiddles, J. C. and 
Goodman. H. M. Nature, vol. 281, pp. 351-356 (1979) and 
Fiddes, J. C. and Goodman, H. M. Nature, vol. 286, pp. 
684-687 (1980) describe the cloning of, respectively, the 
alpha and beta subunits of human choriogonadotropin 
(hCG). 
Sugimoto U.S. Pat. Nos. 4.383,034, 4.383,035 and 4,383, 

036 describe processes for producing FSH. LH and hCG, 
respectively, in which human lymphoblastoid cells are 
implanted into a laboratory animal, harvested from the 
animal, and cultured in vitro; accumulated hormone is then 
harvested from the culture. This technique is not capable of 
producing substantially pure hormone free of any other 
human fertility hormone. 
Cohen et al. U.S. Pat. No. 4468.464 mentions the pro 

duction of fertility hormones by recombinant DNA tech 
niques. However, Cohen et all only uses a prokaryotic system 
which cannot produce biologically active human fertility 
hormone, 

Pierce et al. Ann. Rev. Biochem, 50, 465-95 (1981) states 
that the alpha and beta subunits of LH are known to 
associate in vitro. The subunits referred to in this paper are 
obtained by dissociating naturally occurring dimeric hor 
mone and allowing the units to reassociate. Such a disclo 
sure does not permit the prediction that when synthesized by 
non-specialized cells transformed with recombinant DNA. 
the subunits would be properly glycosylated and folded for 
association so as to produce a biologically active hormone. 
While many human proteins have been produced by 

recombinant DNA techniques the production of biologically 
active heterodimeric hormones by such techniques has not 
heretofore been accomplished. Heterodimeric fertility hor 
mones are produced in the human body by highly 
specialized, differentiated cells which have evolved over a 
long period of time to carry out the specialized formation of 
producing each particular hormone. The mechanism by 
which post-translational heterodimeric assembly occurs 
intracellularly in these differentiated cells is not known, but 
it is known that proper assembly is necessary for biological 
activity. Undifferentiated cells do not, as far as is known, 
normally produce hormones. Thus, whether or not a bio 
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2 
logically active heterodimeric hormone could be produced 
in undifferentiated cells transformed with DNA encoding the 
alpha and beta subunits was totally unpredictable. 

SUMMARY OF THE INVENTION 

The present invention stems from the unpredictable dis 
covery that biologically active heterodimeric human fertility 
hormones can be produced in eukaryotic cells transformed 
by vectors containing the alpha and beta subunits of the 
hormone controlled by separate promoters. While alpha and 
beta subunits produced in separate cultures will not reasso 
ciate to form biologically active hormones, it has unexpect 
edly been discovered that when both subunits are produced 
in the same cell, a hormone is expressed which is biologi 
cally active. 

Thus, the present invention includes the substantially pure 
heterodimeric human fertility hormones which can now be 
made totally free of other fertility hormones as well as any 
other human proteins. It also includes the process for pro 
duction of such hormones, eukaryotic cells which have been 
transformed to so produce the hormones and vectors con 
taining the DNA of both the alpha and beta subunits. 
The present invention also includes the DNA encoding the 

beta subunits of hilH and hPSH, including cDNA coding for 
the beta subunit of human FSH. expression vectors contain 
ing such DNA and cells transfected therewith. The invention 
also includes DNA derivatives according to the genetic code 
which on expression code for the beta subunit of human FSH 
according to the present invention. The polypeptide struc 
ture of the beta subunit of hPSH has never before been 
accurately set forth. 

Thus, in general, the present invention features, in one 
aspect, a substantially pure heterodimeric human fertility 
hormone composed of two different subunits and the process 
for the production thereof by means of which the two 
subunits are synthesized by single cell line. each cell having 
been transformed by an expression vector containing heter 
ologous DNA encoding both subunits under control of 
separate promoters or two expression vectors each contain 
ing heterologous DNA encoding the separate subunits. The 
cell line is composed of eukaryotic cells which permit 
appropriate post-translational modification of the subunits 
such that the formed protein is biologically active. Because 
of the recombinant DNA technique which is used, the 
hormones produced are substantially pure and free of any 
other fertility hormones or any other human proteins. The 
preferred fertility hormones which are produced in accor 
dance with the present invention are hCG. luteinizing hor 
mone (LH) and follicle stimulating hormone (FSH). 

In another aspect, the present invention features a cell 
transformed by at least one expression vector, which cell is 
capable of producing a biologically active heterodimeric 
protein that is encoded at least in part by the vector. In 
preferred embodiments: a second expression vector encodes 
a second portion of the protein or at least two subunits of the 
protein are encoded by a single expression vector; the 
vectors are autonomously replicating preferably a replicat 
ing virus or a plasmid; the cell is a mammalian cell, such as 
a monkey or mouse cell; transcription of the different 
subunits is under the control of the SV40 late promoter; 
transcription of the alpha subunit of the protein is under the 
control of the SV40 early promoter and transcription of the 
beta subunit is under control of the mouse metallothionein 
promoter, or transcription of both subunits is under the 
control of the mouse metallothionein promoter; and the 
expression vector which includes the mouse metallothionein 
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promoter also includes at least the 69% transforming region 
of the bovine papilloma virus (BPV) genome. 

In another aspect, the invention features an autonomously 
replicating expression vector including two genes encoding 
two different heterologous proteins, the genes being under 
the control of two different promoters, most preferably a 
metallothionein promoter and a BPV promoter; the use of 
different promoters advantageously minimizes the possibil 
ity of deleterious recombinations. 

In a further aspect, the invention features the DNA for the 
beta subunits of h H and hPSH. 
As used herein, "subunit" refers to a portion of a protein, 

which portion, or homologue or analogue thereof, is 
encoded in nature by a distinct mRNA. Thus, for example. 
a heavy chain and a light chain of an IgG immunoglobulin 
are each considered a subunit. Insulin, on the other hand, is 
composed of two chains which are not considered subunits. 
because both are, in nature. encoded by a single mRNA, and 
cleavage into two chains naturally occurs only after trans 
lation, 

The term "expression vector" refers to a cloning vector 
which includes heterologous (to the vector) DNA under the 
control of control sequences which permit expression in a 
host cell. Such vectors include replicating viruses, plasmids, 
and phages. Preferred vectors are those containing at least 
the 69% transforming region, and most preferably all of the 
bovine papilloma virus genome. 
The invention permits the production of a biologically 

active heterodimeric human fertility hormone from a single 
culture of transformed cells which hormone undergoes, in 
the culture, post-translational modification, e.g. glycosyla 
tion and proteolytic processing for biological activity and 
stability. 

In preferred embodiments, each expression vector is 
autonomously replicating, i.e., not integrated into the chro 
mosome of the host cell. The use of autonomously replicat 
ing expression vectors prevents undesirable influence of the 
desired coding regions by control sequences in the host 
chromosome. 

Other advantages and features of the invention will be 
apparent from the following description of the preferred 
embodiments thereof, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

We turn now to the preferred embodiments of the 
invention, first briefly describing the drawings thereof. 

FIG. 1 is a diagrammatic illustration of the construction of 
the plasmid palpha SVHVP1, which contains the alpha hCG 
cDNA clone, portions of SV40 viral DNA, and sequences of 
the plasmid p3R322. 

FIG. 2 is a diagrammatic illustration of the construction of 
plasmid p beta SWVP1, which incorporates the beta hCG 
cDNA clone, regions of SV40 DNA and a portion of 
pBR322 including the region conferring resistance to ampi 
cillin on host E. coli. 

FIGS. 3-3A is a diagrammatic illustration of the construc 
tion of the plasmid palpha beta SVVP1 in which the alpha 
and beta hCG cDNA clones are inserted into SV40 DNA. 

FIG. 4 is a diagrammatic illustration of the construction of 
the plasmids pRF375 and pRF398. 

FIG. 5 is a diagrammatic illustration of the construction of 
the plasmid RF398 alpha t 

FIG. 6 is a diagram illustrating the location of an 88 bp 
probe within the beta hCG cDNA clone. 
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4 
FIG. 7 illustrates the beta LH restriction map, and the 

pieces used in the construction shown in FIG. 8. 
FIG. 8 is a diagrammatic illustration of the construction of 

a plasmid, LH520H/B, containing the complete mature beta 
LH cDNA clone. 

FIG. 9 is a diagrammatic illustration of the construction of 
the viral vector palpha LHSVVP1. 

FIG. 10 is a diagrammatic illustration of the construction 
of the BPV-containing plasmid pCL28XhoLHBPV, encod 
ing the beta subunit of LH. 

FIG. 11 is a partial restriction map of the lambda clone 
15B and the beta FSH-containing 6.8 kb EcoRI-BamHI 
fragment that is inserted into pbR322. 

FIG. 12 is a partial restriction map of the beta FSH coding 
region and the BamHIfragment that is inserted into a BPV 
based expression vector. 

FIG. 13 is a diagrammatic illustration of the construction 
of the BPV-containing plasmid CL28FSH2.8BPV. encoding 
the beta subunit of FSH. 

DETALED DESCRIPTION OF PREFERRED 
EMBODIMENT 

The cloning vectors of the invention have the general 
structure recited in the Summary of the Invention. above. 
Preferred vectors have the structures shown in the Figures, 
and are described in more detail below. 

Construction of Cloning Vectors 

Isolation of cDNA Clones Encoding the Alpha and 
Beta Subunits of hCG 

All of the techniques used herein are described in detail in 
Maniatis et al. (1982) Molecular Cloning: A Laboratory 
Manual (Cold Spring Harbor Laboratory), hereby incorpo 
rated by reference. 
RNA is extracted from placental tissue by the following 

method. Homogenization of the tissue is carried out in a 1:1 
mixture of phenol:100 mM Na-acetate (pH 5.5) containing 
1 mM EDTA, that has been warmed to 60° C. for 20 min. 
After cooling on ice for 10 min... the phases are separated by 
centrifugation. The hot phenol extraction is repeated twice 
more followed by two extractions with chloroform. 
RNA is precipitated from the final aqueous phase by the 

addition of 2.5 volumes of ethanol. 
In order to enrich for poly A" mRNA, placental RNA is 

passed over oligo (dT)-cellulose in 0.5MNaCl buffered with 
10 mM Tris-HCl, pH 7.5. and washed with the same 
solution. Poly AmRNA is eluted with 10 mM Tris-HCl (pH 
7.5), 1 mM EDTA, 0.05% SDS and precipitated twice with 
ethanol. Typical initial yields are 1.5-2.0 mg of total RNA 
per g of tissue, of which about 2% is poly A" mRNA. 

Placental cDNA libraries are constructed by reverse tran 
scription of placental mRNA, second strand synthesis using 
E. coli DNA polymerase I (large fragment), treatment with 
S1 nuclease, and homopolymer tailing (dC) with terminal 
deoxynucleotidyl transferase; all such procedures are by 
conventional techniques. 

In a typical preparation, 20-30% conversion of mRNA to 
single strand (ss). cDNA; 70% resistance to digestion with 
nuclease S1 after second strand synthesis; and dC "tails" of 
ten to twenty-five bases in length. are obtained. These cDNA 
molecules are then annealed to DNA fragments of the 
plasmid pHR322, which has been digested with Pst, and to 
which dG "tails" have been added. These recombinant 
plasmids are then used to transform E. coli cells to generate 
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a cDNA library (transformed cells are selected on the basis 
of tetracycline resistance). 

In order to identify the human alpha hCG clone, a 219 bp 
fragment of a mouse alpha thyroid stimulating hormone 
(TSH) clone is used as a hybridization probe. This probe has 
77% sequence homology with the human clone. It is radio 
actively labeled by nick translation and hybridized to the 
cDNA library under conditions that take into account the 
extent of homology. Strongly hybridizing clones are analy 
sed by restriction mapping and clones containing the com 
plete coding sequence of alpha hCG are verified by DNA 
sequencing. 

Construction of Plasmid palpha SVHVP1 
Referring to FIG. 1, in order to construct the plasmid 

alpha 970 H/B, a cDNA clone containing the alpha hCG 
fragment is digested with Nicol. The NcoI site. just 5' to the 
ATG codon signalling initiation of translation, is filled in and 
ligated to a synthetic HindIII linker, Similarly, the natural 
HindIII site in the 3' untranslated region of the clone is cut, 
filled in with E. coli DNA polymerase Klenow, and then 
ligated to a synthetic BamHI linker. This fragment is cloned 
into the plasmid pbR322 between its HindIII and BamHI 
sites to generate the plasmid alpha 574 H/B. This plasmid is 
digested with BamHI, treated with alkaline phosphatase, and 
ligated to the 396 bp Sau3A fragment of SV40 DNA (from 
0.07 to 0.14 map units) which has been isolated from a 
polyacrylamide gel. The ligation mix is used to transform E. 
coli to ampicillin resistance and the desired plasmid, alpha 
970 HVB, is identified among the transformants. 
The plasmid Q7 is constructed by cutting SV40 at its 

Hsal site, making flush ends by digestion with nuclease S1, 
ligating on EcoRIlinkers, digesting with EcoRI. and cloning 
the resulting 1436 bp fragment into the EcoRI site of 
pBR322. 

Referring to FIG. 1, Q7 is digested completely with 
EcoRI and partially with HindIII; the fragment from 0.72 to 
0.94 map units is isolated and cloned into alpha 970 H/B. 
which has been digested with ScoRI and HindIII and treated 
with alkaline phosphatase. The ligation mix is used to 
transform E. coli, and the desired plasmid, palpha SVL, is 
identified among the transformants by restriction mapping. 
p alpha SVL is digested with EcoRI and the fragment of 

SV40, with EcoRI ends, extending from 0 to 0.72 map units, 
and containing the SV40 origin of replication and the intact 
early region, is ligated to it to generate the plasmid palpha 
SVHVP1, which is isolated from E. coli transformants. 

Construction of Plasmid p beta SVVP1 
A579 bp cDNA clone coding for beta hCG was obtained 

from John C. Fiddes at Cold Spring Harbor Laboratory, Cold 
Spring Harbor, N.Y. (Fiddes et al, Nature, vol. 286, pp. 
684-687 (1980)). This fragment is ligated at each end to 
synthetic BamHIlinkers. After digestion by HgaIrestriction 
enzyme, the ends are filled in with Klenow DNA polymerase 
and synthetic EcoRIlinkers are ligated on so that an EcoRI 
site is about 10 bp 5' to the ATG codon of the signal peptide 
coding sequence. A BamHI site is about 60 bp 3' to the 
nonsense codon marking the end of the coding sequence. 
Referring to FIG. 2, this 556 bp. EcoRI-BamHIfragment is 
isolated and cloned into pBR322, between the EcoRI and 
BamHI sites, to give the plasmid p beta 556 R/B. 

In order to construct the plasmid PSVHR (FIG. 2), SV40 
DNA is partially digested with HindIII to yield linear 
molecules, digested with nuclease S1 to make flush ends. 
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6 
ligated to synthetic EcoRI linkers and digested with EcoRI 
and BamHI. The fragment from 0.94 to 0.14 map units, 
containing the SV40 origin of replication and early region, 
is cloned into pBR322 as an EcoRI-BamHI piece. 

Referring still to FIG. 2, the EcoRI site of the plasmid p 
beta 556R/B is methylated in a reaction catalyzed by EcoRI 
methylase, following which the plasmid is cut with Ndel. 
EcoRI linkers are ligated to the S1 treated NdeIflush ends 
and activated by digestion with EcoRI, which is followed by 
digestion with BamHI. 
The SV40 fragment of pSVHR from the EcoRI site to the 

BamHI site is isolated and ligated in a reaction mix con 
taining the digestion fragments of p beta 556R/B. Following 
ligation, the mix is digested with Sal to eliminate plasmids 
which have re-inserted the EcoRI (NdeI) to BamHI piece of 
pBR322. E. coli is transformed with the digested ligation 
mix and p beta SVVP1 is identified and isolated. 

Construction of the Plasmid p Alpha Beta SVVP1 
Referring to FIGS. 3-3A. p3R322/Kpn is derived from 

pBR322 by inserting a KPnI linker into its unique EcoRI 
site, after this site is deleted by digestion with EcoRI. 
followed by digestion with S1 nuclease. 

Referring still to FIGS. 3-3A, SV40 DNA is digested with 
Ava I. The staggered ends of the resulting fragments are 
filled in by Klenow DNA polymerase to form flush ends, and 
the mixture is then fractionated on a polyacrylamide gel. The 
682 base pair fragment (0.64 to 0.77 map units) containing 
the origin of replication and the unique KpnI site is isolated 
from the gel, ligated to synthetic HindIII linkers, and 
digested with HindIII and KsnI. 
The resulting fragments are ligated topBR322/Kpn.p266, 

which contains the 266 base pair Kpnl HindIII fragment, 
including the SV40 late promoter region, is isolated.p266 is 
cut with HindIII and BamHI, and treated with bacterial 
alkaline phosphatase. 

Still referring to FIGS. 3-3A, p beta SVVPI/B is con 
structed as follows: p beta SVVPI (FIG. 2) is cut with 
EcoRI, followed by ligation to eliminate pBR322 sequences. 
Subsequently, this DNA is cut with BamHI and cloned into 
the BamHI site of p3R322. 
The resulting plasmid, p beta SVVPI/B. is then digested 

with HindIII and BamHI and the 1003 base pair HindIII 
BamHI fragment is ligated into p266 to yield the plasmid p 
beta VP1 266, in which the beta hCG cDNA is positioned 
downstream from the SV40 late promoter in such away that 
its RNA transcript would be spliced as if it were the viral 
VP1 transcript. 
The alpha hCG cDNA is inserted into p beta VP1266 as 

a HindIII fragment, which has been cut at its HindIII site and 
treated with bacterial alkaline phosphatase. E. coli transfor 
mants derived from this ligation are screened by restriction 
mapping, and plasmids are isolated that have the desired 
structure, in which the alpha hCG cDNA has replaced VP2 
in the correct orientation, followed downstream by the beta 
hCG cDNA, which has replaced VP1. 
One such isolated plasmid, p alpha beta VP1, is used to 

complete the construction of p alpha beta SVVP1. The 
plasmid is cut with KPnI, and the full SV40 genome, cut 
with KpnI, is inserted by ligation into this site. Following 
transformation of E. coli, a plasmid with the required 
structure. p alpha beta SVVP1. is isolated. This plasmid 
contains DNA encoding both the alpha and beta subunits of 
hCG, and thus is capable of directing the expression, in host 
mammalian cells, of both subunits, whereby biologically 
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functional, glycosylated heterodimeric hoG is produced 
(glycosylation occurs post-translationally). 

Construction of Plasmids pRF 375 and prF 398 
Referring to FIG. 4. the plasmid CL28 (identical to 

plasmid JYMMTOE); Hamer et al. J. Mol. Applied Gen., 1. 
273-288 (1983)), containing the murine metallothionein 
promoter. SV40 DNA, and pBR322 sequences, is cut with 
the restriction endonuclease Bgl II. At this site are inserted 
cDNA clones of either alpha hCG or beta hCG, containing 
untranslated regions of about 10 and 30 bp at their 5' and of 
about 220 and 60 bp at their 3' ends. These clones have been 
genetically engineered by the addition of synthetic BamHI 
linkers at their termini. 
The resulting plasmids pRF302 (alpha) or pRF 394 (beta) 

are digested with restriction enzymes BamHI and Sal to 
release the SV40 DNA sequences. 

Plasmid pB2-2, which contains the entire BPV genome. 
and some p3R322 sequences, is digested with BamHI and 
Sal to yield the BPV genome with BamHI/Sal ends; this 
fragment is ligated into pRF302 (alpha) and pRF 394 (beta) 
containing the metallothionein-hCG sequences. 

Following transformation of E. coli, plasmids prE 375 
and pRF398 are identified and isolated. They encode alpha 
hCG or beta hCG, respectively, under the control of the 
mouse metallothionein promoter. 

Construction of the Plasmid RF 398 alpha t 
Referring to FIG. 5, the plasmid palpha t is derived by 

cloning the alpha hCG 574 HindIII fragment into plasmid 
pVBt2 (V. B. Reddy et al., PNAS, 79, 2064-2067, 1982).p 
alpha t which contains the alpha hCG cDNA under the 
control of the SV40 early promoter, is digested with EcoRI. 
The 5' overhangs are removed by S1 nuclease digestion prior 
to the addition of synthetic BamHI linkers by blunt end 
ligation. 

Plasmid RF 398 (FIG. 4) is digested with BamHI and 
treated with bacterial alkaline phosphatase. The 1735 base 
pair BamHI fragment of palpha t is inserted in to RF 398. 
The resulting plasmid RF 398 alpha t is isolated from E. 
coli transformants. This plasmid thus has the beta hCG 
cDNA in a transcriptional unit under control of the mouse 
metallothionein promoter and the alpha hCG cDNA in a 
transcriptional unit controlled by the SV40 early promoter. 

Expression of Luteinizing Hormone (LH) cDNA 
Clones Construction of a Human Pituitary cDNA 

Library 
RNA is prepared from human pituitaries by homogenizing 

5 to 10 grams of the frozen glands in 20 ml of a solution 
containing 4M guanidine thiocyanate. M 
2-mercaptoethanol, 0.05MNa-acetate (pH 5.0), and 0.001M 
EDTA. One g CsCl is added per ml of homogenate and the 
suspension is centrifuged at 2,000 rpm for 15 min. The 
supernatant is layered carefully over a 15ml cushion of CsCl 
solution (containing 1.25 ml of 1M Na-acetate (pH 5), 62.5 
microliters of 0.4M EDTA and 39.8 g of CsCl in a final 
volume of 35 ml) and centrifuged at 45.000 rpm in the Ti 70 
rotor of a Beckman ultracentrifuge for 18-24 h at 20°C. The 
RNA visible as a pellicle in the gradient is removed with a 
syringe. diluted, and precipitated by the addition of two 
volumes of ethanol. Following three cycles of dissolution 
and reprecipitation, the RNA pellet is dissolved in HO and 
brought to 0.01M Tris-HCl (pH 7.5) and 0.5M NaCl by the 
addition of concentrated stock solutions. The preparation is 
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8 
then enriched for poly A" mRNA by two passes over oligo 
dT-cellulose, as described above in the case of placental 
RNA. 

A human pituitary cDNA library is constructed from the 
poly A" mRNA as described above for placental poly A' 
mRNA except that both the large fragment E. coli DNA 
polymerase I and the avian myeloblastosis virus reverse 
transcriptase are used sequentially for second strand cDNA 
synthesis. Reverse transcriptase is used first. The reaction is 
stopped by phenol extraction. The aqueous phase of the 
centrifuged extract is applied to a 5 ml column of BioGel 
A-5m. Fractions containing high molecular weight material 
are pooled, concentrated, precipitated with two volumes of 
ethanol, dried, and dissolved in 100 mM Tris-HCl (pH 8.3). 
10 mM MgCl, 140 mM KCl 20 mM 2-mercaptoethanol. 1 
mM of each of the four deoxyribonucleoside triphosphates, 
for reverse transcription. Reverse transcriptase is added to 
about 20 units per microgram of cDNA. Double stranded 
cDNA is then treated with nuclease S1, tailed, and cloned as 
described above. 

Isolation of Beta LH cDNA Clones 
Colonies grown on nutrient agar plates containing 25 

micrograms per ml of tetracycline are transferred to nitro 
cellulose filters. Colonies are lysed in situ by treatment with 
0.5M NaOH and neutralized with 0.5M Tris-HCl (pH 7.4) 
containing 1.5M NaCl. Liberated DNA is fixed to the filter 
by baking at 80° C. in a vacuum oven for 2 h. The filters are 
screened by hybridization to a 'P labeled 88 base pair 
fragment of the beta hCG clone corresponding to amino 
acids 16 to 45 of the mature hCG beta chain, which has 29 
of 30 amino acids in common with this region of the beta LH 
polypeptide (FIG. 6). Hybridization is carried out overnight 
at 32° C. in 50% formamide, 0.75M NaCl, 0.075M 
Na-citrate (pH 7.0). 2.5% dextran sulfate, 0.1% 
polyvinylpyrollidone, 0.1 mg per ml bovine serum albumin. 
and at least 10 cpm per filter of 'P-labeled 88 bp beta hCG 
fragment. Filters are washed several times in 0.15M NaCl. 
0.015M Na-citrate at 37° C. before autoradiography. One of 
the positive isolated clones LH12 (FIG. 7), is used further. 
LH12 is 365 bp long and includes sequences coding for 15 
amino acids of the pre-beta signal sequence plus 105 amino 
acids of the mature beta LH polypeptide. Its nucleotide 
sequence is determined. Since the complete mature beta LH 
is not coded by LH12, further screening of the human 
pituitary cDNA library is carried out using a 240 bp Nco 
Pvul fragment of LH12 (FIG. 7) as a P labeled hybrid 
ization probe. The clone LH6 (FIG. 7) is isolated from this 
screening. LH6 contains the complete 3' end of beta LH, 
including the region corresponding to the untranslated por 
tion of the mRNA through 27 A residues of the poly A "tail" 
of the mRNA. No clones are found that extended further 
than LH12 in the 5' direction. DNA sequencing of the 
complete, combined mature beta LH coding regions reveals 
two differences in the amino acid sequence of beta LH from 
the published protein sequence data: position 42 is a 
methionine and position 55 is a valine. Also, the mature beta 
LH contains 121 amino acids, based on the cDNA sequence. 
A clone containing an intact signal peptide coding 

sequence and the complete mature beta LH sequence is 
constructed as shown in FIG. 8, using the restriction frag 
ments illustrated in FIG.7. A 104 bp EcoRI-Ddel fragment 
is isolated from the plasmid beta 579 H and ligated to an 
isolated 181 bp Dde fragment, subsequently digested with 
Pst, from the LH12 plasmid. Following ligation overnight 
at 15° C. the ligation mix is digested with EcoRI and Pst 
and fractionated on a 7% polyacrylamide gel from which the 
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desired 256 bp fragment is isolated. This fragment fuses the 
beta hCG signal sequence to that of the pre-beta LH in such 
a way as to provide a coding sequence for a 20 amino acid 
signal peptide. 
The 256 bp EcoRI-PstI fragment is cloned into pBR322 

digested with EcoRI and Pst so as to give the plasmid LH 
beta 260. The 146 bp EcoRI-NcoI fragment indicated in 
FIG. 8 is isolated from a polyacrylamide gel and used later 
in the construction as described below. 
The LH6 plasmid (FIG. 8) is digested with Sau3a and the 

390 bp fragment is isolated by polyacrylamide gel electro 
phoresis. This fragment is then digested with HincII, ligated 
to BamHI linkers, digested with BamHI, and cloned into the 
plasmid paPP at the BamHI site. pAPP is derived from 
pBR322 by digestion with AvaI, filling in the 5' overhang 
with the dNTP's and the large fragment DNA polymerase I 
of E. coli. digestion with Pvu, and ligation to close the 
plasmid so as to eliminate the Pvu Isite. The plasmid EH6B, 
isolated from the ligation of the 340 bp BamHIfragment into 
the BamHI site of paPP, is digested with EcoRI and Pvul I, 
and treated with bacterial alkaline phosphatase. The frag 
ments are ligated to a mixture of the 145 bp EcoRI-NcoI 
fragment of LH beta 260, described above, and the isolated 
241 bpNicoli-Pvulfragment from;...the plasmid LH12 shown 
in FIG. 8. The ligation mix is used to transform E. coli to 
ampicillin resistance. The plasmid LH 520 H/B is found 
among the transformants. LH 520 HVB contains a complete 
beta LH coding sequence including a hybrid signal peptide 
sequence. 

Construction of p Alpha LHSVVP1 
In order to express this pre-beta LH clone in an SV40 

based vector, as had been done for the pre-alpha and pre-beta 
hCG clones described previously, it is desirable to place an 
EcoRI site very close to the ATG of the pre-beta coding 
sequence. This is accomplished by digesting LH520 H/B 
with Hgal, filling in the 5' overhang, ligating on synthetic 
EcoRI linkers, digesting with EcoRI and BamHI, and clon 
ing the isolated 496 bp EcoRI-BamHI fragment into 
pBR322 digested with EcoRI and BamHI and treated with 
bacterial alkaline phosphatase. The plasmid pLH496R/B is 
isolated from E. coli transformed with this ligation mix and 
is used as the source of the 496 bp fragment to be expressed. 
The plasmid p alpha beta VP1, whose construction and 

use in expressing both subunits of hCG is described earlier 
(FIG. 3), is digested with EcoRI and BamHI and ligated in 
a reaction mix containing the plasmid pLH496 R/B which 
had been digested with both of these enzymes (FIG. 9). The 
plasmid p alpha LHVP1 is identified among the E. coli 
transformants. As shown in FIG. 9. the intact SV40 viral 
early region is taken from p alpha 8VHVP1 (FIG. 1) and 
inserted by ligation as a Ksn-Sal fragment into p alpha 
LHVP1 which had been digested with KsnI and Salto give 
the plasmid palpha LHSVVP1. By cutting this plasmid with 
BamHI and religating the virus alpha LHSVVP1 is formed. 
This virus contains cloned cDNA's for the common (to LH 
and hCG, as well as FSH and TSH) alpha subunit and the 
specific beta LH subunit under control of the SV40 late 
promoter. The cloned cDNA's are positioned in such a way 
that the common alpha insert replaced the viral VP1 protein 
coding sequence and the beta LH insert replaced the viral 
VP2 coding sequence. 

Insertion of the Beta LH cDNA (With Beta hCG 5' 
End of Signal Peptide) into a BPV-Based 

Expression System 
LH 520 H/B (FIG. 8) is digested with HindIII and BamHI, 

treated with the E. coli DNA polymerase (Klenow), ligated 
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10 
to synthetic Sal linkers, digested with Sal, and cloned into 
the Sall site of pBR322. The resulting plasmid, LH 530 Sal, 
is used as a source of the LH cDNA clone for insertion into 
the mouse metallothionein gene of the plasmid CL28 as 
described in FIG. 10. 
CL28 is cut with BSI, treated with nuclease S1 and 

ligated to XhoI linkers. Following digestion with XhoI. 
ligation and digestion with Bsl. E. coli is transformed with 
the reaction mix to give the plasmid CL28Xho. This plasmid 
is digested with BamHI and SalI and ligated to a BamHIplus 
8al digest of the plasmid pB2-2 (FIG. 4) to give the plasmid 
CL28XhoBPV. The latter LH insert is then ligated into the 
XhoI site of CL28XhoBPV as a Sall fragment, since the 5' 
overhang of Sal digests is complementary to that of XhoI 
digests. Following digestion with XhoI to eliminate 
background. E. coli is transformed and the desired plasmid 
pCL28XhoLHBVP containing the (hybrid) pre-beta LH 
insert, in a BPV-based plasmid, under control of the mouse 
metallothionein promoter, is isolated. 

Transfection and Infection of Host Monkey Cells 
The incorporation of virus-containing vectors into 

eukaryotic cells for the production of a heteropolymeric 
protein is generally accomplished as follows. First, if the 
viral DNA and homopolymeric protein-encoding DNA are 
incorporated into a plasmid, which is maintained in, say, E. 
coli. the plasmid sequences (e.g. the pBR322 sequences) are 
removed and the resulting DNA is ligated to form circular 
DNA including the viral region and the heteropolymeric 
protein-encoding sequence or sequences. This circular DNA 
generally does not contain all of the genetic information 
needed to produce a replicating virus, the other necessary 
sequences (e.g. those encoding coat protein) having been 
replaced by the heteropolymeric protein-encoding sequence 
or sequences. The circular DNA, minus the plasmid DNA, 
must be close enough in size to the naturally occurring viral 
DNA from which it is derived to permit the DNA to enter 
and replicate in appropriate host mammalian cells. 
The circular DNA is used to transfect host cells in order 

to produce virus stockfor later infections. Since some of the 
DNA necessary to produce virus is missing, the transfection 
must occur in conjunction with helper virus DNA encoding 
enough of the missing function to produce replicating virus. 

Transfected host cells are grown and incubated until lysed 
by replicating virus. The resulting replicating virus stock. 
including helper virus, is then used to infect host cells for 
production of the heteropolymeric protein. Virus stock is 
maintained, since it generally needs to be reused to infect 
fresh batches of host cells, as each culture of infected, 
protein-producing host cells generally is eventually lysed by 
the virus. 
The specific recombinant DNA sequences described 

above are used to transfect, and then infect, host cells, as 
follows. 

The pbR322 sequences are removed from the above 
described SV40-containing plasmids to produce transfecting 
viral DNA. In the case of palpha SVHVP1 and palphabeta 
SVVPI, this is accomplished by digestion with BamHI, 
followed by ligation under conditions favoring circulariza 
tion of the fragments to give (among other products) alpha 
SVHVP1 and alpha beta SVVPI. For p beta 8VVP1, diges 
tion with EcoRI followed by re-ligation brings the SV40 late 
promoter and VP1 splice region into juxtaposition with the 
beta hCG cDNA insert at the same time that it eliminates 
pBR322 sequences and forms beta SVP1. At the same time. 
PtsA58 Bam (tsA58 SV40 viral DNA cloned into the 
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pBR322 BamHI site) is cut with BamHI and ligated to 
obtain self-ligated circles. Analogous methods are used for 
the LH vectors. Separate virus stocks are prepared as 
described below. 
The DNA's, which are cut and ligated as described above, 

are ethanol precipitated and dissolved in sterile water. 
Approximately 1 ug of ptsA58 Bam DNA (helper virus) and 
10 ug of recombinant DNA (encoding alpha and/or beta 
hCG or LH) are combined in a sterile test tube, mixed with 
2 ml of TBS buffer (G. Kimura and R. Dulbecco 1972, 
Virology, 49, 79–81) and 1 ml of 2 mg/ml DEAE-dextran 
solution and added to a monolayer of confluent monkey 
CV-1 cells previously washed twice with 10 ml of TBS in a 
T-75 flask. The cells are left at 37° C. for 1-2 hrs with 
occasional shaking, washed with TBS twice, fed with 10 ml 
of DMEM containing 5% fetal calf serum. and left at 40° C. 
for 10-15 days. After complete cell lysis, the medium is 
transferred to a test tube, frozen and thawed five times, and 
centrifuged at 3000 rpm for five minutes. The resulting 
supernatants serve as virus stocks for infection of fresh CV-1 
cells. 

To accomplish an infection. CV-1 cells are grown to 
confluence in a T-50 flask. 1 ml of one of the virus stocks 
(made as described above) is added to the flask and the cells 
are incubated at 40° C. for 5 days. 

For mixed infections. CV-1 cells are grown to confluence 
in a T-150 flask, alpha SVHVP1 and beta SVVI viruses are 
mixed in a 1:1 ratio and 1 ml of the mixed virus is used to 
infect CV-1 cells at 40° C. 

Transfection of Mouse Cells 

To produce heterodimeric hCG using a mixed 
transfection, five lug of each BPV plasmid, i.e., pRF 375 
(alpha hCG) and pRF398 (beta hCG). are mixed and added 
to 0.5 ml of a 250 mM CaCl solution containing 10 ug of 
salmon sperm DNA as carrier. This mixture is bubbled into 
0.5 ml of 280 mM. NaCl, 50 mM Hepes and 1.5 mM sodium 
phosphate. The calcium phosphate precipitate is allowed to 
form for 30-40 minutes at room temperature. 
24 hours prior to transfection, 5x10 cells of mouse C127 

cells (available from Dr. Dean Hamer, National Cancer 
Institute. NIH. Bethesda, Md.) are placed in a 100 mm dish 
or T-75 flask. Immediately before adding the exogenous 
DNA, the cells are fed with fresh medium (Dulbecco's 
Modified Medium, 10% fetal calf serum). One ml of calcium 
phosphate precipitate is added to each dish (10 ml), and the 
cells are incubated for 6-8 hours at 37° C. 
The medium is aspirated and replaced with 5 ml of 20% 

glycerol in phosphate buffered saline, pH 7.0 (PBS) for 2 
minutes at room temperature. The cells are washed with 
PBS, fed with 10 ml of medium, and incubated at 37° C. 
After 20-24 hours, the medium is changed and subsequent 
refeeding of the cells is carried out every 3-4 days. Indi 
vidual clones are grown in T-25 cm flasks. After 7-21 days, 
cell clones can be transferred to larger flasks for analysis. 
To produce heterodimeric hCG using a single 

transfection, plasmid RF 398 alpha t is employed in the 
same manner as the above two plasmids were employed for 
a mixed infection. 
To make heterodimeric LH, plasmids pRF 375 and 

pCL28XhoLHBPV are mixed, as described above in the 
case of hCG. 
An interesting observation is that culturing cells contain 

ing beta hCG or beta LH-encoding vectors alone, in the 
absence of alpha-encoding cells, produces practically no 
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beta subunit, while cells containing alpha and beta-encoding 
sequences produce not only heterodimer, but free beta 
subunit as well. This lends support to the notion that the 
production of both subunits in a single cell culture has the 
additional advantage of somehow permitting the presence of 
the alpha subunit to stabilize the beta subunit. 
A further interesting observation was that mouse C127 

cells transformed by an expression vector for the alpha 
subunit of hCG, without the additional vector for the beta 
subunit, produces an alpha subunit which will not associate 
with the complementary urinary beta subunit 
(combination<5%). The recombinant alpha subunit appar 
ently has more glycosylations than the native subunit and is 
thus prevented from combining with beta subunit to produce 
a biologically active hormone. However, when both subunits 
are produced by the same cells, proper association and 
glycosylation occurs in vivo so that biologically active 
hormone substantially identical to the native hormone is 
expressed. 

Isolation of the Human Beta FSH Gene 

A human genomic library in phage lambda (Lawn et al., 
Cell, 15, 1157-1174 (1978)) is screened using "guessed" 
long probes. The idea behind such probes, set forth in Jaye 
et al., Nucleic Acids Research, 11, 2325 (1983), is that if the 
amino acid sequence of a desired protein is at least partially 
known, a long probe can be constructed in which educated 
guesses are made as to the triplet encoding any amino acid 
which can be encoded by more than one, and not more than 
four, different triplets. Any correct guesses increase the 
amount of homology, and improve the specificity, of the 
results. 

To isolate desired regions of DNA, two labeled 45-mer 
probes are used: TB36, homologous with amino acids 56-70 
of human beta FSH; and TB21 homologous with amino 
acids 73-87. These probes have the following nucleotide 
compositions (corresponding amino acids are also given): 

B36: Val-Tyr-Glu-Thr-Val-Lys-Val 
(AA56-7O) 3' CAC AIG CTC TGG CAC TCT CAC 

Pro-Gly-Cys-Ala-His-His-Ala-Asp 
GGT CCG ACG CGG GTG. GTG CGA CTG 5' 

TB21: Tyr-Thr-Tyr-Pro-Val-Ala-Thr 
(AA73-87) 3 ATG TGC ATG GGT CAC CGA TGT 

Glu-Cys-His-Cys-Gly-Lys-Cys-Asp 
CTC ACA GG ACG CCG TTT ACG CTG 5 

The above probes are used to screen the human genomic 
library as follows. TB21 is labeled with P and used to 
screen approximately 5x10 lambda plaques on duplicate 
filters by the in situ plaque hybridization technique of 
Benton and Davis, Science, 196, 180-182 (1977). The 
prehybridization solution is maintained at 55° C. for several 
hours and has the following composition: 0.75M NaCl; 
0.15M Tris/HCl, pH 8.0; 10 mM EDTA; 5xDenhardt's 
Solution; 0.1% sodium pyrophosphate, 0.1% SDS; 100 
microgram/ml E. coli t-RNA. The hybridization solution has 
the same composition except that it is maintained overnight 
at 45° C. and contains labeled probe in a concentration of 
about 0.5x10 cpm/ml. After hybridization, the filters are 
washed four times in 1 X SSC (=0.15M NaCl. 0.015M 
Na-citrate) and exposed to x-ray film. 

This screening procedure yields 50 plaques which hybrid 
ize to TB21 on both sets of filters. These 50 individual 
plaques are picked and combined into 10 culture pools 
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containing 5 plaques each. The 10 cultures are grown and 
DNA is isolated from 50 ml phage lysates. This DNA is then 
digested with EcoRI and fractionated on two identical 1% 
agarose gels. after which it is transferred to nitrocellulose 
paper according to the method of Southern, J. Mol. Biol, 98. 
503-4517 (1975). 
The DNAs on the two filters are hybridized to Plabeled 

TB21 and TB36, respectively. Individual plaques from the 
pool containing a restriction fragment which strongly 
hybridizes to both probes are then screened according to the 
above procedure, except that the DNAs are digested with 
EcoRI, BamhI, and EcoRI plus BamHI. In this way the 
6.8kb EcoRI-BamHI fragment containing human beta FSH 
is isolated. 
A partial restriction map of clone 15B, containing the 

6.8kb EcoRI-BamHIfragment is shown in FIG. 2. In order 
to locate the position of the beta FSH sequences within the 

30 
GCT TAC ATA ATG ATT ATC GTT CTT TGG TTT 

90 
TCC CAG ACC AGG ATG AAG ACA CTC CAG TTT 

Met Lys Thr Leu Gin Phe 

150 
TGC TGC AAT AGC TGT GAG CTG ACC AAC ATC 
Cys Cys Asn Ser Cys Ghu Leu Thr Asn Ile 

210 
TTC TGC ATA AGC ATC AAC ACC ACT TGG TGT 
Phe Cys Ile Ser le Asn Thr Thr Trp Cys 

270 
Af ATG TTA GAG CAA GCA GTA TTC AAT TTC 

330 
TTC CAC AAT ACC ATA ACC TAA CTC TCT TCT 

390 
CCA GCC AGG CCC AAA ATC CAG AAA ACA TGT 
Pro Ala Arg Pro Lys Ile Gln Lys Thr Cys 

450 
AGA GTG CCC GGC TGT GCT CAC CAT GCA GAT 
Arg Val Pro Gly Cys Ala His His Ala Asp 

510 
TGT CAC TGT GGC AAG TGT GAC AGC GAC AGC 
Cys His Cys Gly Lys Cys Asp Ser Asp Ser 

570 
AGC TAC TGC TCC TTT GGT GAA ATG AAA GAA 
Ser Tyr Cys Ser Phe Gly Glu Met Glu Lys 

clone, the 6.8 kb EcoRI-BamHI fragment of clone 15B is 
subcloned into pBR322 to yield plasmid pl5B6.8R/B (FIG. 
2). p15B6.8R/B is then digested with various restriction 
enzymes and the products are fractionated by agarose gel 
electrophoresis using conventional methods. The DNA is 
blotted to nitrocellulose paper and hybridized to fragments 
of a porcine beta FSH cDNA clone labeled with P by nick 
translation. 

As shown in FIG. 2, the porcine beta FSH-probe hybrid 
izes to only two fragments of the human DNA, namely a 1.1 
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kb HindIII-KpnI and a 1.4 kb Pst fragment. Partial DNA 
sequencing of these two fragments shows that this DNA 
indeed codes for human beta FSH and that the entire coding 
region for beta FSH is contained in these two fragments. 

As shown by the restriction map of FIGS. 3-3A, the beta 
FSH coding sequence is interrupted by an intervening 
sequence of approximately 1.6 kb between amino acids 35 
and 36 of mature beta FSH. The nucleotide sequence of the 
entire human beta FSH coding region and some of the 
flanking and intervening sequences are given below. The 
amino acid sequence deduced from the nucleotide sequence 
is given for the coding region. 

60 
CTC AGT TTC TAG TGG GCT TCA TTG TTT GCT 

120 
TTC TTC CTT TTC TGT TGC TGG AAA GCA ATC 
Phe Phe Leu Phe Cys Cys Trp Lys Ala Ile 

180 
ACC ATT GCA ATA GAG AAA GAA GAA TGT CGT 
Thr le Ala Ile Glu Lys Glu Glu Cys Arg 

N. . ." GCT GGC TAC TGC TAC ACC AGG GTA GGT ACC 
Ala Gly Tyr Cys Tyr Thr Arg 

300 
TGT CIC ATT TTG ACT AAG CTA AAT AGG AAC 

N 360 
TAA ACT CCT CAG GAT CTG GTG TAT AAG GAC 

Asp Leu Val Tyr Lys Asp 

420 
ACC TIC AAG GAA CTG GTA TAT GAA ACA GTG 
Thr Phe Lys Glu Leu Val Tyr Glu Thr Val 

480 
TCC TTG TAT ACA TAC CCA GTG GCC ACC CAG 
Ser Leu Tyr Thr Tyr Pro Val Ala Thr Gin 

540 
ACT GAT TGT ACT GTG CGA GGC CTG GGG CCC 
Thr Asp Cys Thr Val Arg Gly Leu Gly Pro 

AAA TCA GTG GAC ATT TC 

Still referring to the above sequence, there is a box around 
the ATG initiation codon of the 18 amino acid signal peptide. 
which is cleaved post-translationally. The mature protein 
begins with the amino acid Asn encoded by the circled triplet 
AAT. The exon-intron boundaries are marked by arrows; 
they are flanked by the consensus sequence GT for the splice 
donor and AG for the splice acceptor site. There is a box 
around the stop codon TAA, the end of the coding region. 

Below is a reproduction of the above sequence not broken 
into triplets, showing restriction sites; the ATG beginning 
and the TAA ending the coding region are boxed and the 
exon-intronjunctions are marked by arrows. 
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10 20 30 40 50 60 
GCTTACATAA TGATTATCGT TCTTGGTTT CTCAGTICT AGGGGCTTC ATTGTIGCT 

D 
D 
E 
1. 

7O 80 90 OO 110 120 
TCCCAGACCA. GGATGAAGAC ACTCCAGTTT TTCTTCCTTT TCTGTTGCTG GAAAGCAATC 

B F M M 
S O B B 
T K O O 

l 2 2 

130 140 150 160 170 180 
TGCTGCAATA GCTGTGAGCT GACCAACATC ACCATIGCAA TAGAGAAAGA AGAATGTCGT 
B A. A H M 
B L L P B 
w U U H O 

l l 1 2 

190 200 20 220 230 V 240 
TTCTGCATAA GCATCAACAC CACTTGGTGT GCTGGCTACT GCTACACCAG GGTAGGTACC 

S B KR 
F S PS 
A T NA 
1. 1 

250 260 270 280 290 300 
// ATGTTAG AGCAAGCAGT ATTCAATTTC GTCTCATTT GACTAAGCT AAATAGGAAC 

D. A 
D. L. 
E U 
1 1 

310 320 330 340 350 360 
TTCCACAATA CCATAACCTA ACTCTCTCT TAAACTCCIC AGGATCTGGT GTATAAGGAC 

M SD XS A. 
B AD HA v 
O UE OU A. 
2 11 2A 2 

370 380 390 4OO 410 420 
CCAGCCAGGC CCAAAATCCA GAAAACATGT ACCTTCAAGG AACTGGTATA TGAAACAGTG 

B S A. R 
S A F S 
T U L A 
1 3 l 

430 440 450 460 470 480 
AGAGTGCCCG GCTGTGCTCA CCATGCAGAT TCCTTGTATA CATACCCAGT GGCCACCCAG 

NH H H H S B. H. 
CP G P N A. A 
IA H N A L E 
12 1. l 1 1 1 3 

490 500 50 520 530 54O 
TGTCACTGTG GCAAGTGIGA CAGCGACAGC ACTGATTGA CTGTGCGAGG CCTGGGGCCC 

R MSH B AS 
S NTA S PA 
A. LUE T AU 

13 l 1 

550 560 570 580 590 
AGCTACTGCT CCTTTGGTGA AATGAAAGAA TAAAGATCAG TGGACATTTC 

: : 
Insertion of the Beta FSH DNA into a BPW-Based 

Expression Vector 
Referring to FIGS. 3-3A, a synthetic BamHI linker is 

inserted at the DdeIsite of p15B6.8R/B, which is located 42 
nucleotides 5. of the ATG initiation codon. Referring to FIG. 
4. p15B6.8R/B is digested with DdeI and treated with E. coli 
DNA polymerase (Klenow), after which it is ligated to 

60 synthetic BamHIlinkers and digested with BamHI. The 295 

65 

bp fragment containing the first exon of FSH is isolated and 
cloned into the BamHI site of pBR322. The resulting 
plasmid pbR295Bamis digested with KpnIplus EcoRI plus 
Aval and ligated to p15B6.8R/B which has been digested 
with KPnI plus EcoRI plus SmaI. The ligation mix is then 
used to transform E. coli, and the plasmid pbR2.8Bam 
containing the human beta FSH DNA sequence as a BamHI 
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fragment is identified from among the transformants by 
restriction mapping. 
As shown in FIG. 4. expression plasmid 

CL28FSH2.8BPV is prepared according to the same method 
used to prepare pRF375 (FIG. 1). except that the 2.8 kb 
BamHIfragment of p3R2.8Bamis used in place of the alpha 
hCG cDNA clone. Plasmid CL28FSH2.8BPW can be used to 
transform mammalian host cells using conventional 
methods, and human beta FSH can be isolated and purified, 

Transfection of Mouse Cells 

To produce heterodimeric FSH using a mixed 
transfection, five lug of each BPV plasmid, i.e., pRF375 
(alpha subunit) and CL28FSH2.8BPV (beta FSH), are 
mixed and added 0.5 ml of a 250 mM CaCl solution 
containing 10 g of salmon sperm DNA as carrier. This 
mixture is bubbled into 0.5 ml 280 mM NaCl, 50 mM Hepes 
and 1.5 mM sodium phosphate. The calcium phosphate 
precipitate is allowed to form for 30-40 minutes at room 
temperature. 24 hours prior to transfection, 5x10 cells of 
mouse C127 cells (available from Dr. Dean Hamer, National 
Cancer Institute, NIH, Bethesda, Md.) are placed in a 100 
mm dish or T-75 flask. Immediately before adding the 
exogenous DNA, the cells are fed with fresh medium 
(Dulbecco's Modified Medium. 10% fetal calf serum). One 
ml of calcium phosphate precipitate is added to each dish (10 
ml). and the cells are incubated for 6-8 hours at 37° C. 
The medium is aspirated and replaced with 5 ml of 2 

glycerol in phosphate buffered saline, pH 7.0 (PBS) for 2 
minutes at room temperature. 
The cells are washed with PBS, fed with 10 ml of 

medium, and incubated at 37° C. After 20-24 hours, the 
medium is changed and subsequent refeeding of the cells is 
carried out every 3-4 days. Individual clones are grown in 
T-25 flasks. After 7–21 days, cell clones can be transferred 
to larger flasks for analysis. 

Deposits 

The following, described above, have been deposited in 
the American Type Culture Collection, Rockville, Md.: 

alpha beta SVVP1. ATCC VR 2077; 
alpha SVHVP1. ATCC VR 2075; 
beta SVVP1, ATCC VR 2075; 
pRF 375 in C127 cells, ATCC CRL 8401; 
pRF 398 in C127 cells, ATCC CRL 8401; 
pCL28XhoLHBPV E. coli, ATCC 39475; 
pRF 398 alpha t in C127 cells, ATCC CL 8400. 
The following, described above, has been deposited in the 

Agricultural Research Culture Collection (NRRL), Peoria, 
1. 61604: 
CL28FSH2.8BPV in E. coli, NRRL B-5923, 

Use 

The transformed cell lines of the invention are used to 
produce glycosylated biologically active heterodimeric 
human fertility hormones. hCG and LH made according to 
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18 
the invention, for example, have a number of well-known 
medical uses associated with human fertility. Furthermore, 
FSH can be used, alone or in conjunction with hCG or LH. 
to induce ovulation or superovulation for in vitro fertiliza 
tion. In addition, heterodimeric FSH, or the beta subunit 
alone, can be used in diagnostic tests for fertility and 
pituitary functions. 
Human fertility hormones produced by recombinant cells 

have the advantage, compared to such hormones obtained 
from natural sources, of being free from contamination by 
other human proteins, in particular other fertility hormones. 

Other Embodiments 

Other host cells, vectors, promoters, transforming 
sequences, and viruses can also be employed. The host cell 
employed generally is dependent on the vector being used. 
For example, when the vector is a replicating virus or a 
non-replicating viral DNA. the host cells are cells capable of 
being infected or transfected, respectively, by those vectors: 
e.g., SV40-containing vectors require monkey host cells, 
preferably CV-1 cells. Where the cloning vector is a plasmid 
having procaryotic control sequences, prokaryotic host cells. 
e.g., E. coli, are used. Where the cloning vector is a plasmid 
having eukaryotic control sequences, appropriate eukaryotic 
host cells, e.g., mouse C127 cells, are used. Besides autono 
mously replicating vectors, suitable vectors can be used to 
insert the DNA into the genome of the host cell, as is well 
known to those skilled in the art. As is also well known in 
the art, the vector may also contain an amplifiable marker, 
such as DHFR, particularly when used to transfect a DHFR 
CHO cell line, 
The foregoing description of the specific embodiments 

will so fully reveal the general nature of the invention that 
others can, by applying current knowledge, readily modify 
and/or adapt for various applications such specific embodi 
ments without departing from the generic concept, and 
therefore such adaptations and modifications are intended to 
be comprehended within the meaning and range of equiva 
lents of the disclosed embodiments. It is to be understood 
that the phraseology or terminology herein is for the purpose 
of description and not of limitation. 
We claim: 
1. A recombinantly produced biologically active het 

erodimeric human fertility hormone selected from the group 
consisting of human chorionic gonadotropin, human lutein 
izing hormone, and human follicle stimulating hormone, 
free from contamination by any other proteins of human 
origin. 

2. A recombinantly produced hormone in accordance with 
claim 1, wherein said hormone is human chorionic gona 
dotropin. 

3. A recombinantly produced hormone in accordance with 
claim 1, wherein said hormone is human luteinizing hor 
O 

4. A recombinantly produced hormone in accordance with 
claim 1, wherein said hormone is human follicle stimulating 
hormone. 


